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POLYMERS FOR USE AS ALIGNMENT LAYERS IN LIQUID CRYSTAL 

DEVICES 

Technical field 

The present invention generally relates -to the field 
of liquid crystals. More specifically, the present inven- 
tion relates to a polymer for use as a surface-director 
5 alignment layer in a liquid crystal device (LCD) . 

The invention also relates to a method for prepara- 
tion of said polymer, a composition comprising said poly- 
mer, a surf ace -director alignment layer comprising said 
polymer, the use of said polymer as a surf ace -director 
10 alignment layer, and a method for manufacturing a liquid 
crystal device . 
Technical background 

One of the basic operational principle of liquid 
crystal displays and devices is the switching of the ori- 
15. entation of the liquid crystal molecules by an applied 

electric field that couples to the dielectric anisotropy 
of. the liquid crystal material (dielectric coupling) . 
Such a coupling gives rise to an electro-optic response 
quadratic with the applied electric field, i.e. independ- 

2 0 ent of the field polarity. 

The dielectric anisotropy (As) of a material having 
an ordered molecular structure (ordered phase) possessing 
a structural anisotropy, such as a crystalline or a liq- 
uid crystalline structure, is the difference between the 
25 dielectric constants measured in perpendicular and paral- 
lel direction, respectively/ to the preferred molecular 
orientation in this .material . 

When an electric field is applied across a liquid 
crystal material exhibiting a positive dielectric anisot- 

3 0 ropy (As > 0) , the molecules will align their long axis 

along (or substantially along) the direction of the elec- 
tric field. 
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When an electric field is applied across a liquid 
crystal material exhibiting a negative dielectric anisot- 
ropy (Ae < 0), the molecules will. align their long axis 
perpendicular (or substantially perpendicular) to the di- 
5 rection of the electric field. 
m Liquid crystal molecules are long rod-like molecules 

(so-called calamitic molecules) which have the ability to 
„ align along their long axis in a certain preferred direc- 

tion (orientation) . The average direction of the mole- 
10 cules is specified by a vector quantity and is called di- 
rector. 

In liquid crystal displays, the desired initial 
alignment of the liquid crystal layer in the absence of 
an external field, such as an electric field, is gener- 

15 ally achieved by appropriate surface treatment of the 

confining solid substrate surfaces, such as by applying a 
so-called (surface-director) alignment layer (orientation ' 
layer) on the confining substrate surfaces facing said 
liquid crystal bulk. The initial liquid crystal alignment 

20 is defined by solid surf ace/ liquid crystal interactions. 
The orientation of the liquid crystal molecules adjacent 
to the confining surface is transferred to the liquid 
crystal molecules in the bulk via elastic forces, thus 
imposing essentially the same alignment to all liquid 

25 crystal bulk molecules. 

The director of the liquid crystal molecules near 
the confining substrate surfaces (herein also called sur- 
face director) is constrained to point in a certain di- 
^ rection, such as perpendicular to (also referred to as 

30 homeotropic or vertical) or in parallel with (also re- 
r f erred to as planar) the confining substrate surfaces. 

The type of alignment in liquid crystal displays operat- 
ing on the coupling between liquid crystal dielectric 
anisotropy and applied electric field is chosen in accor- 

35 dance with the sign of the dielectric anisotropy, the di- 
rection of the applied electric field and the desired 
type of switching mode (in-plane or out -of -plane) . 
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In out-of -plane switching liquid crystal cells em- 
ploying a liquid crystal bulk having a negative dielec- 
tric anisotropy, it is important- to uniformly orient the 
director of the liquid crystal bulk molecules (in the 
field-off state) vertically to the substrate surfaces 
(so-called homeotropic alignment) . 

An example of a method for establishing a ho- 
meotropic alignment comprises coating the confining sub- 
strate surfaces with a surfactant, such as lecithin or 
hexadecyltrimethyl ammonium bromide. The coated substrate 
surfaces is then also preferably rubbed in a predeter- 
mined direction, so that the field- induced planar align- 
ment of the liquid crystal molecules will be oriented in 
the predetermined rubbing direction. This method may give 
good results in laboratory studies, but has never found 
industrial acceptance due to that long term stability is 
not obtained as the alignment layer is slowly dissolved 
in the bulk liquid crystal (J. Cognard, Mol. Cryst. Liq. 
Cryst., Suppl. Ser. , 1982, 1,1). 

In out-of -plane switching liquid crystal cells em- 
ploying a liquid crystal bulk having a positive dielec- 
tric anisotropy and in in-plane switching liquid crystal 
cells employing a liquid crystal bulk having a positive 
or negative dielectric anisotropy, it is important to 
25 uniformly orient the director of the liquid crystal bulk 
molecules (in the field-off state) in parallel with the 
substrate surfaces (so-called planar alignment) . For 
twisted nematic liquid crystal cells, it is also impor- 
tant to orient the liquid crystal bulk molecules at a 
30 certain inclined orientation angle (pre-tilt angle) to 
the substrate. 

Known methods for establishing planar alignment are, 
for instance, the inorganic film vapour deposition method 
and the organic film rubbing method. 

In the inorganic film vapour deposition method, an 
inorganic film is formed on a substrate surface by va- 
pour-deposition of an inorganic substance, such as sili- 



20 



35 



W/SE 2004/0 0 0300 



4 

con oxide, obliquely to the confining substrate so that 
the liquid crystal molecules are oriented by the inor- 
ganic film in a certain direction depending on the inor- 
ganic material and evaporation conditions. Since the pro- 
5 duction cost is high, and the method thus is not suitable 
for large-scale production, this method is practically 
not used. 

According to the organic film rubbing method, an or- 
ganic coating of, for instance, polyvinyl alcohol, poly- 
10 oxyethylene, polyamide or polyimide, is formed on a sub- 
strate surface. The organic coating is thereafter rubbed 
in a predetermined direction using a cloth of e.g. cot- 
ton, nylon or polyester, so that the liquid crystal mole- 
cules in contact with the layer will be oriented in the 
15 rubbing direction. 

Polyvinyl alcohols (PVA) are commercially rarely 
used as alignment layers since these polymers are hydro- 
philic, hygroscopic polymers that may adsorb moisture ad- 
versely affecting the molecular orientation of the poly- 
mer and thus the liquid crystal device performance. In 
addition, PVA may attract ions which also impairs the 
liquid crystal device performance. 

Also polyoxyethylenes may attract ions, thus result- 
ing in impaired liquid crystal device performance. 

Polyamides have a low solubility in most commonly 
accepted solvents. Therefore, polyamides are seldom used 
commercially in liquid crystal device manufacturing. 

Polyimides are in most cases used as organic surface 
coating due to their comparatively advantageous charac- 
teristics, such as chemical stability, thermal stability, 
etc. The application of a polyimide layer generally 
includes a baking step at 200-300°C as described below. 

Polyimides may be prepared according to, for in- 
stance, Scheme I or Scheme II below: 
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Polyamic acid 

o o 



Polyimide 

Scheme I 




Polyimide 



Scheme II 

5 In the first step, equimolar amounts of a tetracar- 

boxylic acid anhydride and a diamine are mixed in an am- 
ide solvent, such as N-methylpyrrolidone (NMP) . A 
spontaneous reaction occurs and a polyamic acid, which is 
a pre-polymer of polyimide, is formed. In this state, the 

10 pre-polymer is distributed to its users, such as LCD 

manufacturers. However, since the pre-polymer solution is 
rather unstable at room temperature, the solution is gen- 
erally cooled upon transportation and storage to avoid 
degradation, or any other unwanted chemical reaction, of 

15 the pre-polymer. 
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Generally, the polyamic acid is diluted by the liq- 
uid crystal device manufacturer to about 0.5 %, often 
with a mixture of NMP and Butyl Cellosolve 4 : 1 (w/w) . 



NMP Butyl Cellosolve 

The polyamic acid is generally applied using, for 
instance, spin coating or some type of printing technique 
on a glass substrate coated with a transparent, patterned 
indium tin oxide (ITO) electrode layer. The layer of 
polyamic acid is then dried in an oven at around 100°C, 
and thereafter heated to about 200 °C for 1-2 h. During 
this heating cycle polyamic acid is converted to polyim- 
ide. This step is also referred to as curing or baking of 
the polyimide. The resulting polyimide is thermally very- 
stabile and insoluble in all solvents. The polymer can 
only be removed by degrading it, for instance, using an 
15 alkaline medium. 

A drawback of this organic film application process 
is the baking step, resulting in both a long production 
time and high production costs. 

Furthermore, high temperatures, such as about 200°C, 
20 should be avoided in the manufacturing of, for instance, 
liquid-crystal -on-silicon (LCOS) and thin film transis- 
tors (TFT) since high temperatures may result in de- 
creased yields and thus film defects. 

It is also difficult to control the anchoring 
25 - strength between the organic film applied using said or- 
ganic film application process and a liquid crystal bulk 
layer . 

It would be a great advantage if said baking step 
could be eliminated and the above disadvantages avoided. 

30 
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Summary of the invention 

An object of the present invention is to avoid the 
above-mentioned drawbacks of known surface-director 
alignment materials and to provide improved materials for 
5 use as surface-director alignment layers in liquid crys- 
tal devices, such as liquid crystal display devices and 
other liquid crystal devices. 

According to a first aspect of the invention, this 
and other objects are achieved with a polymer comprising 

10 a polymeric backbone and side -chains attached thereto, 
wherein the polymeric backbone lacks directly coupled 
ring structures, and each side-chain of at least some of 
the side-chains comprises at least two unsubstituted 
and/or substituted phenyls coupled via a coupling 

15 selected from the group consisting of a carbon-carbon 

single bond (-) , a carbon- carbon double bond containing 
unit (-CH=CH-), a carbon-carbon triple bond containing 
unit (-c=C-), a methylene eter unit (-CH 2 0-) , an ethylene 
eter unit 

20 (-CH 2 CH 2 0-), an ester unit (-COO-) and an azo unit 

( -N=N- ) , exhibits a permanent and/or induced dipole mo- 
ment that in ordered phase provides dielectric anisot- 
ropy, and is attached to the polymeric backbone via at 
least two spacing atoms, preferably at least five spacing 

25 atoms. 

The polymeric backbone is preferably a polyvinyl ac- 
tetal . 

An advantage with this type of polymers is that they 
are soluble in organic solvents, such as chloroform, • 

30 tetrahydrofuran, mixtures of xylene and butyl acetate, 
dimethylacetamide, dimethylformamide, and N- 
methylpyrrolidone. Since the polymers according to the 
present invention are soluble in organic solvents, a so- 
lution of the polymer per se (and not a solution of a 

35 pre-polymer thereof) may be applied on a substrate sur- 
face for use as a surface-director alignment layer in a 
liquid crystal device' without the need of a curing step 
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which, as disclosed in the Technical Background, is used 
in processes involving prior art alignment materials, 
such as polyimides. Thus, the step in which a pre-polymer 
is heated for about 1-2 h at about 180-250°C is avoided. 
The avoidance of the curing step decreases the production 
cycle times for liquid crystal devices, thus saving time, 
energy and money. Up to about 20% shorter production 
times, in comparison to conventional production proc- 
esses, may be achieved using the polymers according to 
the present invention. 

In addition, the tough heating during curing of 
prior art alignment materials may cause defects and re- 
duce yield. These disadvantages are also avoided using 
the polymers according to the invention and the yield may 
be substantially increased. 

Furthermore, no advanced oven equipment is required 
and thus investment costs can be reduced for a production 
line using the polymers according to the invention. 

Another advantage of the polymers according to the 
present invention is that the polymers may be applied not 
only on glass substrates but also on plastic substrates, 
which cannot be used if a heating (curing) step is em- 
ployed. Application on plastic substrates enables the use 
of a variety of substrate forms, such as curved substrate 
surfaces and rolled-up substrate surfaces. 

Still another advantage of the polymers according to 
the present invention is that said solutions' of the poly- 
mers in organic solvents are stable at room temperature, 
i.e. the dissolved polymers will not degrade upon storage 
at room temperature. Thus, there is no need to cool the 
solutions, which is often required for the pre-polymer 
solutions used according to prior art. 

Yet another advantage of the polymers according to 
the present invention is that the polymers provide an im- 
proved control of the anchoring strength between an 
alignment layer of a polymer according to the invention 
and a liquid crystal bulk layer, and hence an improved 
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control of the response time, i.e. the rise and decay 
times (a strong anchoring strength provides a short decay 
time and a weak anchoring strength provides a short rise 
time) . 

It shall be noted that the polymers according to the 
invention can be used in existing manufacturing proce- 
dures for liquid crystal devices utilising existing proc- 
ess equipment. 

According to a second aspect of the invention, there 
is provided a method for preparation of a. polymer accord- 
ing to the invention comprising reacting a side-chain 
precursor with a polymeric backbone lacking directly cou- 
pled ring structures wherein said .side-chain precursor 
comprises at least two unsubstituted and/or substituted 
phenyls coupled via a coupling selected from the group 
consisting of a carbon-carbon single bond (-) , a carbon- 
carbon double bond containing unit (-CH=CH-) , a carbon- 
carbon triple bond containing unit (-C=C-) # a methylene 
eter unit (-CH 2 0-) , an ethylene eter unit (-CH 2 CH 2 0-) , an 
ester unit (-COO-) and an azo unit (-N=N-) , and exhibits 
a permanent and/or induced dipole moment that in ordered 
phase provides dielectric anisotropy. 

According to a third aspect of the invention, there 
is provided a method for preparation of a polymer accord- 
ing to the invention comprising polymerising monomers 
having side -chains into a polymeric backbone lacking di- 
rectly coupled ring structures, wherein each side-chain 
of at least some of the side-chains comprises at least 
two unsubstituted and/or substituted phenyls coupled via 
a coupling selected from the group consisting of a car- 
bon-carbon single bond (-) , a carbon-carbon double bond 
containing unit (-CH=CH-) , a carbon-carbon triple bond 
containing unit (-C^c-) , a methylene eter unit (-CH 2 0-) , 
an ethylene eter unit (-CH 2 CH 2 0-) , an ester unit (-COO-) 
and an azo unit (-N=N-),and exhibits a permanent and/or 
induced dipole moment that in ordered phase provides di- 
electric anisotropy. • 
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According to a fourth aspect of the invention, there 
is provided a composition for use as a surface-director 
alignment layer in a liquid crystal device, said composi- 
tion comprising at least one polymer according to the in- 
vention. 

According to a fifth aspect of the invention, there 
is provided a surface-director alignment layer for use in 
a liquid crystal device, said layer comprising at least 
one polymer according to the invent ion . 

According to a sixth aspect of the invention, there 
is provided the use of a polymer according to the inven- 
tion as a surface-director alignment layer in a liquid 
crystal device . 

According to a seventh aspect of the invention, 
there is provided a method for manufacturing a liquid 
crystal device, said method comprising the steps of: 
. - providing a surface-director alignment layer 
comprising a polymer according to the invention on a sur- 
face of at least one substrate, and 

sandwiching a liquid crystal layer between 
two substrates, at least one of which is provided with 
said polymer, arranged so that said surface-director 
alignment layer (s) is (are) facing the liquid crystal 
layer. 

Other features and advantages of the present inven- 
tion will become apparent . from the following description 
of the invention . 
Brief description of drawings 

Fig 1 shows the rise and decay times measured for a 
liquid crystal device comprising a surface-director 
alignment layer according to the invention and exhibiting 
an initial vertical alignment of the liquid crystal bulk 
layer (see Example 17) . 

Fig 2 shows the rise and decay times measured for a 
liquid crystal device comprising a surface-director 
alignment layer according to the invention and exhibiting 
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an initial vertical alignment of the liquid crystal bulk 
layer (see Example 18) . 

Fig 3 shows the rise and decay times measured for a 
liquid crystal device comprising a surface-director 
alignment layer according to the invention and exhibiting 
an initial vertical alignment of the liquid crystal bulk 
layer (see Example 19) . 

Fig 4 shows the rise and decay times measured for a 
liquid crystal device comprising a surface-director 
alignment layer according to the invention and exhibiting 
an initial planar alignment of the liquid crystal bulk 
layer (see Example 21) . 
Detailed description of the invention 

The co-pending Swedish applications 0301810-8 and 
0303041-8, incorporated herein by reference and from 
which priority is claimed, describe a liquid crystal de- 
vice comprising a liquid crystal bulk layer presenting a 
surface director at a bulk surface thereof, and a sur- 
face-director alignment layer arranged to interact with 
the bulk layer at said bulk surface for facilitating the 
obtaining of a preferred orientation of the surface di- 
rector of the bulk layer, wherein the liquid crystal bulk 
layer and the surface-director alignment layer each are 
directly controllable by an electric field via dielectric 
coupling. Depending on the type of display and the de- 
sired effect, the surface-director alignment layer may 
exhibit a positive or a negative dielectric anisotropy, 
or the layer may comprise structural parts exhibiting di- 
electric anisotropies (As) of opposite signs. 

In these applications some of the following poly- 
mers, comprising a polymeric backbone (Z) and one or more 
side-chains attached thereto, are given as examples of 
suitable surface-director alignment materials. 

The following abbreviations are used in the formulas 
of this application: 
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Rl and R2 are each independently an aliphatic hydro- 
carbon chain, such as an alkyl, preferably comprising 1 
to 2 0 carbon atoms, such as 2 to 12 carbon atoms, 

R3 (represents spacing atoms) is a an aliphatic hy- 
drocarbon, such as an alkyl, a siloxane, an ethylene gly- 
col chain, or any combination thereof, comprising at 
least 2, preferably 2 to 20, such as 4 to 20, more pref- 
erably 5 to 20, carbon atoms or heteroatoms (it shall be 
noted that the number of carbon atoms or heteroatoms may 
be randomly varied along the polymer main chain) , 

R4 is an aliphatic hydrocarbon chain, such as an al- 
kyl, preferably comprising 1 to 2 0 carbon atoms, such as 
1 to 5 carbon atoms, 

R5 and R6 are each independently an aliphatic hydro- 
carbon/ a siloxane, an ethylene glycol chain, or any com- 
bination thereof, preferably comprising 4 to 22, such as 
6 to 2 0 , more preferably 8 to 18, such as 9 to 15, carbon 
atoms or heteroatoms, 

X and Y are each independently H, F, CI, CN, or CF 3 , 

Xi and Y x are each independently F or CI, preferably 
F , and 

Z is part of a polymer main chain lacking directly 
coupled ring structures, preferably a polyvinyl acetal 
according to 




Formulas I-X are examples of polymers, according to 
the invention, comprising side-chains (Si) exhibiting 
permanent and/or induced dipole moments that in ordered 
phase provides positive dielectric anisotropy. These 
polymers are suitable for providing an initial field-off 
vertical alignment in, for instance, an out-of -plane 
switching liquid crystal device. 
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Formula I Formula II 
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Formula III Formula IV 
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Formula VI 
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Formula VIII 



O 




Formula IX Formula X 



Formulas XI -XI I I are examples of polymers, according 
to the invention, comprising side-chains (Si) exhibiting 
permanent and/or induced dipole moments that in ordered 
phase provides positive dielectric anisotropy and side- 
chains (S 3 ) exhibiting no permanent and/or induced dipole 
moments and thus providing no dielectric anisotropy. 
These polymers are suitable for providing an initial 
field-off vertical alignment in, for instance, an out-of- 
plane switching liquid crystal device. 
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Formula XIII 

Specific examples of this type of polymers according 
to the invention are given by Formula XIV to XIX: 




Formula XVI 



Formula XVII 
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Formula XVIII Formula XIX 

wherein R4 is CH 3 and (m+n) /o is within the range of from 
25/50 to 43/14, preferably above 40/20, such as 42/16, 
and m/n is within the range of from 9/1 to 1/9, prefera- 
bly 3/1 to 1/3, such as 2/1. 

Formula XX represents examples of polymers, accord- 
ing to the " invention, comprising two different types of 
side-chains (S x and S 2 ) exhibiting permanent and/or in- 
duced dipole moments that in ordered phase provides posi- 
tive dielectric anisotropy and side-chains (S 3 ) exhibit- 
ing no permanent and/or induced dipole moments and thus 
providing no dielectric anisotropy. These polymers are 
suitable for providing an initial field-off vertical 
alignment in, for instance, an out-of -plane switching 
liquid crystal device. 
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Formula XX 



Specific examples of this type of polymers according 
the invention are given by Formulas XXI to XXII: 
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Formula XXI Formula XXII 



wherein R4 is CH 3/ R5 is CH 3/ and (m+n) /o is within the 
range of from 25/50 to 43/14, preferably above 40/20, 
such as 42/16, and m/n is within the range of from 9/1 to 
1/9, preferably 3/1 to 1/3, such as 2/1. 

Formulas XXIII to XXXIII are examples of polymers, 
according to the invention, comprising side-chains (Si) 
exhibiting permanent and/or induced dipole moments that 
in ordered phase provides negative dielectric anisotropy. 
These polymers are suitable for providing an initial 
field-off planar alignment in, for instance, an out-of- 
plane or an in-plane switching liquid crystal device. 
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Formula XXXI 
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Formula XXXII 



Formula XXXIII 
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A specific example of a polymer, according to the 
invention, comprising side-chains (S x ) exhibiting perma- 
nent and/or induced dipole moments that in ordered phase 
provides negative dielectric anisotropy and side-chains 
(S 3 ) exhibiting no permanent and/or induced dipole mo- 
ments and thus providing no dielectric anisotropy is 
given by Formula XXXIV. This polymer is suitable for pro- 
viding an initial field-off planar alignment in, for in- 
stance, an out -of -plane or an in-plane switching liquid 
crystal device . 
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Formula XXXIV 

wherein (m+n) /o is within the range of from 25/50 to 
5 43/14, preferably above 40/20 , such as 43/18, and m/n is 
within the range of from 9/1 to 1/9 , preferably 3/1 to 
1/3, such as 1/1. 

Formulas XXXV to LI are examples of polymers, ac- 
cording to the invention, comprising side-chains (Si) ex- 
10 hibiting permanent and/ or induced dipole moments- that in 
ordered phase provides positive dielectric anisotropy. 
These polymers are suitable for providing an initial 
field-off planar alignment in, for instance, an in-plane 
switching liquid crystal device. 
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Formula XXXVII Formula XXXVIII 
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Formula XLI 



Formula XLI I 
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Formula XLI I I 



Formula XLIV 
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Formula LI 

10 Formulas LII to LVI are examples of polymers, ac- 

cording to the invention, comprising side-chains (S x ) ex- 
hibiting permanent and/or induced dipole moments that in 
ordered phase provides positive dielectric anisotropy and 
side-chains (S 3 ) exhibiting no permanent and/or induced 

15 dipole moments and thus providing no dielectric anisot- 
ropy. These polymers are suitable for providing an ini- 
tial field-off planar alignment in, for instance, an in- 
plane switching liquid crystal device. 
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Formula LV Formula LVI 



Formulas LVI I to LX are examples of polymers, ac- 
cording to the invention, comprising side -chains (Si) ex- 
hibiting permanent and/or induced dipole moments that in 
ordered phase provides negative dielectric anisotropy. 
These polymers are suitable for providing an initial 
field-off vertical alignment in, for instance, an out-of- 
plane switching liquid crystal device. 
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Formula LVI I I 
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Formula LXI represents examples of polymers, accord- 
ing to the invention, comprising side-chains (Si) exhib- 
iting permanent and/or induced dipole moments that in or- 
dered phase provides negative dielectric anisotropy and 
side-chains (S 3 ) exhibiting no permanent and/or induced 
dipole moments and thus providing no dielectric anisot- 
ropy. These polymers are suitable for providing an ini- 
tial field-off vertical alignment in, for instance, an 
out-of -plane switching liquid crystal device. 
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Formula LXI 

5 Formula LXII represents examples of polymers, ac- 

cording to the invention, comprising side-chains (Si) 
having dimeric structures, each one comprising a first 
structural part exhibiting a permanent and/or induced di- 
pole moment that in ordered phase provides positive di- 

10 electric anisotropy and a second structural part exhibit- 
ing a permanent and/ or induced dipole moment that in or- 
dered phase provides negative dielectric anisotropy. 
These polymers are suitable for providing an initial 
field-off planar alignment) in, for instance, an out-of- 

15 plane or in-plane switching liquid crystal device. 
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As < 0 As > 0 

Formula LXII 



Formulas LXIII to LXVII are examples of polymers, 
according to the invention, comprising side-chains (Si) 
having dimeric structures, each one comprising a first 
structural .part exhibiting a permanent and/or induced di- 
pole moment that in ordered phase provides positive di- 
electric anisotropy and a second structural part exhibit- 
ing a permanent and/ or induced dipole moment that in or- 
dered phase provides negative dielectric anisotropy. 
These polymers are suitable for providing an initial 
field-off vertical alignment in, for instance, an out-of- 
plane switching liquid crystal device. 




As < 0 As > 0 

Formula LXIII 




As < 0 As > 0 

Formula LXIV 
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As < 0 As > 0 

Formula LXV 




As < 0 Ae > 0 

Formula LXVI 




As < 0 As > 0 

Formula LXVI I 



Formulas LXVIII to LXX are examples of polymers, ac- 
cording to the invention, comprising side-chains (Si) 
having trimeric structures, each one comprising a first 
structural part exhibiting a permanent and/or induced di- 
pole moment that in ordered phase provides positive di- 
electric anisotropy, a second structural part exhibiting 
a permanent and/or induced dipole moment that in ordered 
phase provides negative dielectric anisotropy, and a 
third structural part exhibiting a permanent and/ or in- 
duced dipole moment that in ordered phase provides either 
positive or negative dielectric anisotropy. These poly- 
mers are suitable for providing an initial field-off pla- 
nar alignment in, for instance, an out-of -plane or an in- 
plane switching liquid crystal device. 
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As > 0 As < 0 As > 0 

Formula LXVIII 
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5 As > 0 As < 0 As > 0 

Formula LXIX 




R3 



z 

As > 0 As < 0 As > 0 

Formula LXX 

10 

Polymers according to Formulas I to LXX wherein the 
polymeric backbone (Z) lacks directly coupled ring struc- 
tures, and wherein each one of at least some of the side- 
chains comprises at least two unsubstituted and/or sub- 
15 stituted phenyls coupled via a coupling selected from the 
group consisting of a carbon-carbon single bond (-) , a 
carbon-carbon double bond containing unit (-CH=CH-) , a 
carbon- carbon triple bond containing unit (-GsC-) , a me- 
thylene eter unit (-CH 2 0-) , an ethylene eter unit 
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(-CH 2 CH 2 0-) , an ester unit (-C00-) and an azo unit 
(-N=N-) , exhibits a permanent and/or induced dipole mo- 
ment that in ordered phase provides dielectric anisot- 
ropy, and is attached to the polymeric backbone via at 
least two spacing atoms, are in accordance with the pre- 
sent invention and have been found to have several advan- 
tages as disclosed above. 

The polymer according to the invention comprises a 
polymeric backbone and side-chains attached thereto, 
wherein the polymeric backbone lacks directly coupled 
ring structures, and each side-chain of at least some of 
the side-chains comprises at least two unsubstituted 
and/or substituted phenyls coupled via a coupling 
selected from the group consisting of a carbon-carbon 
single bond (-) , a carbon-carbon double bond containing 
unit (-CH=CH-) , a carbon-carbon triple bond containing 
unit (-C=C-) , a methylene eter unit (-CH 2 0-) , an ethylene 
eter unit 

(-CH 2 CH 2 0-) , an ester unit (-COO-) and an azo unit 
(-N=N-) , exhibits a permanent and/or induced dipole mo- 
ment that in ordered phase provides dielectric anisot- 
ro PY/ an( i is attached to the polymeric backbone via at 
least two spacing atoms, preferably at least five spacing 
atoms . 

It shall be noted that the couplings given above may 
comprise substituted and/or unsubstituted atoms. For in- 
stance, a polymer according to the invention may comprise 
two phenyls coupled via a fluorinated carbon- carbon dou- 
ble bond containing unit, such as -CF=CF- or -CH=CF- . 

The two phenyls are preferably coupled via only said 
coupling, i.e. no other atoms or bonds are positioned be- 
tween the two phenyls. 

As used herein a "side-chain" means a grouping of 
atoms that branches off from a straight -chain molecule 
(here polymeric backbone) . 

As used herein "directly coupled ring structures" 
means fused ring structures and ring structures coupled 
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with single or multiple bonds only (i.e. ring structures 
coupled with one or more bonds only) . 

Examples of fused rings structures are: 




An example of ring structures coupled with a single 
bond only is: 




Thus, the repeating unit(s) of the polymeric back- • 
bone of the polymer according to the invention may, for 
instance, comprise ring structures coupled via at least 
one substituted or unsubstituted carbon atom, such as 
-(CH 2 )n-/ -(CHR)n- and -(CR 2 ) n -/ and/or at least one sub- 
stituted or unsubstituted heteroatom. 

Examples of preferred polymeric backbones lacking 
directly coupled ring structures are polyvinyl acetals. 
It shall be noted that as used herein polyvinyl acetals 
comprise polymers made from polyvinyl alcohols wherein 
some of the side-groups, such as up to 14%, may be unre- 
acted hydroxyl groups . The polyvinyl alcohol used for 
preparing the polyvinyl acetal may be prepared by hydro- 
lysing polyvinyl acetate. The degree of hydrolysis is 
then preferably > 8 6%, meaning that up to 14% of the 
side -groups of the polymer according to the invention may 
still be acetate groups. 

As used herein "an unsubstituted phenyl " means a 
phenyl group, such as -C 6 H 4 - and -C 6 H 5 . 
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As used herein u a substituted phenyl " means a phenyl 
group wherein one or more hydrogen atom(s) has (have) 
been replaced by (a) different atom(s) or group (s) . 

As used herein u spacing atoms" means atoms linking a 
side-chain to a polymeric backbone. These spacing atoms 
are preferably a molecular chain of at least 2, more 
preferably at least 5, and most preferably from 5 to 20, 
carbon atoms or heteroatoms . The molecular chain should 
preferably not comprise any cyclic structures (ring 
structures) , thus the molecular chain is preferably a 
branched or unbranched linear molecular chain. The spac- 
ing atoms in the polymer according to the invention pref- 
erably constitute an aliphatic hydrocarbon chain, such as 
an alkyl, a siloxane chain, an ethylene glycol chain, or 
any combination thereof. 

It shall be noted that the number of spacing atoms 
linking each side-chain to the polymeric backbone may 
vary along the polymer according to the invention. 

As described above, the polymer according to the 
present invention is soluble in organic solvents, such as 
chloroform, tetrahydrof uran, mixtures of xylene and butyl 
acetate, dimethyl ace t amide, dimethyl formamide or N- 
methylpyrrolidone . Preferably; the polymer according to 
the invention has a solubility in an organic solvent, 
such as any one of the solvents exemplified above, pro- 
viding a stable solution at ambient conditions having a 
concentration within the range of from 0.01 to 10% (w/w) . 
A high solubility of the polymer in an organic solvent 
enables the preparation of a polymer stock solution hav- 
ing a rather high polymer concentration, such as about 5% 
(w/w) polymer. Moreover, since the polymers according to 
the invention are easy to dissolve in organic solvents, 
the supplier may even deliver them in solid state to the 
customer. Thus, the amount of inflammable and hazardous 
solvent transported from the polymer supplier to the cus- 
tomer, such as a LCD manufacturer, may be decreased. 
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Preferably, the polymeric backbone in the polymer 
according to the invention comprises a first type of ran- 
domly distributed units according to 

o o 

wherein S x represents a first side-chain comprising at 
5 least two unsubstituted and/or substituted phenyls cou- 
pled via a coupling selected from the group consisting of 
a carbon-carbon single bond (-) , a carbon- carbon double 
bond containing unit (-CH=CH-) , a carbon-carbon triple 
bond containing unit (-C=C-) , a methylene eter unit (- 

10 CH a O-) , an ethylene eter unit (-CH 2 CH 2 0-) , an ester unit 
(-COO-) and an azo unit (-N=N- ) and exhibiting a perma- 
nent and/or induced dipole moment that in ordered phase 
provides dielectric anisotropy, and at least two spacing 
atoms through which the first side-chain is attached to 

15 the polymeric backbone, and a second type of randomly 
distributed units according to 

OH 



When the polymeric backbone in a polymer according to the 
invention comprises these types of randomly distributed 
units, the polymer is a polyvinyl acetal . 
2 0 Furthermore, the polymeric backbone in the polymer 

according to the invention may preferably also comprise a 
third type of randomly distributed units according to 

I 

o o 

wherein S 2 represents a second side-chain, being differ- 
ent from Si, exhibiting a permanent and/or induced dipole 
25 moment that in ordered phase provides dielectric anisot- 
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ropy, and at least two spacing atoms through, which the 
second side-chain is attached to the polymeric backbone. 
The dielectric anisotropy provided by S 2 may be different 
from the dielectric anisotropy provided by Si. 

Preferably, said second side-chain S 2 comprises at 
least two unsubstituted and/or substituted phenyls cou- 
pled via a coupling selected from the group consisting of 
a carbon- carbon single bond (-) , a carbon-carbon double' 
bond containing unit (-CH=CH-) , a carbon-carbon triple 
bond containing unit (-C^c-) , a methylene eter unit (- 
CH 2 0-) , an ethylene eter unit (-CH 2 CH 2 0-) , an ester unit 
(-COO-) and an azo unit (-N=N-) . 

The polymeric backbone of the polymer according to 
the invention may also comprise a further (third or 
fourth) type of randomly distributed units according to 



wherein S 3 represents a side-chain, being different from 
Si and S 2 , exhibiting no permanent and/or induced dipole 
moment and thus providing no dielectric anisotropy. This 
type of unit may be incorporated in the polymeric back- 
bone to obtain a polymer exhibiting a certain desired di- 
electric anisotropy in ordered phase using a desired spe- 
cific side-chain Si, optionally in combination with a de- 
sired specific side-chain S 2 . Thus, the dielectric ani- 
sotropy of the polymer in ordered phase may be reduced 
using a side-chain S 3 exhibiting no permanent and/or in- 
duced dipole moment and thus providing no dielectric ani- 
sotropy . 

An embodiment of a polymer according to the inven- 
tion is a polymer comprising a polymeric backbone and 
side-chains attached thereto, wherein the polymeric back- 
bone lacks directly coupled ring structures, and each 
side-chain of at least some of the side-chains comprises 




O 
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three unsubstituted and/or substituted phenyls coupled 
via two similar or different couplings selected from the 
group consisting of a carbon-carbon single bond (-) , a 
carbon-carbon double bond containing unit (-CH=CH-) , a 
5 carbon-carbon triple bond containing unit (-OC-) , a me- 
thylene eter unit (-CH 2 0-) , an ethylene eter unit 
(-CH 2 CH 2 0-) , an ester unit (-COO-) and an azo unit 
(-N=N- ) , exhibits a permanent and/or induced dipole mo- 
ment that in ordered phase provides dielectric anisot- 
10 ropy, and is attached to the polymeric backbone via at 

least two spacing atoms. Examples of this type of embodi- 
ment are, for instance, given by Formulas XIX, XXX, LI I, 
and LVII. 

The invention also relates to a composition for use 
15 as a surf ace -director alignment layer in a liquid crystal 
device, said composition comprising at least one polymer 
according to the invention and a second polymer, such as 
a polyvinyl acetal . By changing the ratio between said at 
least one polymer according to the invention and said 

2 0 second polymer, desired characteristics and process pa- 

rameters may be obtained. 

The composition according to the invention may also 
comprise at least two polymers according to the inven- 
tion. 

25 The invention also relates to a surf ace -director 

alignment layer for use in a liquid crystal device, 
wherein the layer comprises at least one polymer accord- 
ing to the invention. The surface-director alignment 
layer may, for instance, comprise one polymer according 

3 0 to the invention or one polymer according to the inven- 

tion in combination with a second polymer, such as a 
polyvinyl acetal or another polymer according to the in- 
vention. 

Consequently, the invention also relates to the use 
35 of a polymer according to the invention as a surface - 
director alignment layer in a liquid crystal device. 



rwu / at iuw i u u u a u u 



39 

Other uses of the polymers according to the inven- 
tion might be in photo -alignment layers, polarizers, ma- 
terials for optical recording, photo-chromic films for 
use in e.g. eye-glasses and car windows. 

The invention will now be illustrated by means of 
the following non-limiting examples, wherein the follow- 
ing abbreviations are used: PCC = pyridinium chlorocro- 
mate, DCC = 1, 3 -dicyclohexylcarbodimide, DMF = N,N- 
dimethylformamide, THP = tetrahydrof uran, TsOH = p- 
toluenesulfonic acid, and PVA = polyvinyl alcohol, 
a) Examples of synthetic procedures for the preparation 
of polymers according to the invention 

In the preparation of the polymers according to the 
invention, side-chain precursor (s) is (are) attached to a 
polymer lacking directly coupled ring structures. Exam- 
ples of such polymers are polyvinyl alcohols. 

The side -chain precursors used are either commer- 
cially available or may be prepared from commercially 
available starting materials according to, for instance, 
the type of procedures outlined in Examples 2 and 4 be- 
low. 

Preferably, the side-chain precursor (s) is (are) at- 
tached to a polyvinyl alcohol through the formation of 
acetal units. An aldehyde or a low molar mass acetal 
group of the side-chain precursor is reacted with two 
neighbouring hydroxyl groups on the polyvinyl alcohol to 
form a desired high molar mass polyvinyl acetal. The re- 
action is preferably run in an amide or ether solvent, 
such as DMF, THF or dioxane. Furthermore, the reaction is 
preferably carried out in the presence of an acid cata- 
lyst, such as TsOH. 

It is preferred to use a polyvinyl alcohol that is 
hydrolysed to at least 86% (i.e. 14% or less acetate 
groups left) . The molar mass weight average (M w ) of the 
polyvinyl alcohol is preferably within the range of 
10 000 - 40 000, more preferably within the range 13 000 
- 23 000. 
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The side-chain precursors used in the examples below 
are of two types: 

a) Molecules exhibiting a permanent and/or induced 
dipole moment that in ordered phase provides dielectric 
5 anisotropy (molecules generally exhibiting liquid crys- 
talline behaviour) and comprising at least two unsubsti- 
tuted and/or substituted phenyls coupled via a coupling 
selected from the group consisting of a carbon-carbon 
single bond (-) , a carbon-carbon double bond containing 
10 unit (-CH=CH-) , a carbon- carbon triple bond containing 

unit (-C=C-) , a methylene eter unit' (-CH 2 0-) , an ethylene 
eter unit (-CH 2 CH 2 0-) , an ester unit (-C00-) and an azo 
unit (-N=N-) . This type of side-chain precursors also in- 
cludes at least two, preferably at .least five, spacing 
15 atoms as described in more detail above. Thus, the side- 
chain is attached to the polymeric backbone via said at 
least two spacing atoms. Examples of this type of side- 
chain precursor are side-chain precursors I, II, III, IV, 
V, VI, VII, VIII, IX, X, XI, XII, XIII, XIV, and XV ac- 
2 0 cording to the formulas given below. 

b) Molecules, such as simple alkyl aldehydes, exhib- 
iting no permanent and/or induced dipole moment and thus 
providing no dielectric anisotropy. An example of this 
type of side-chain precursor is octanal . 
25 It shall also be noted that polymers according to 

the invention* may alternatively be prepared by polymeris- 
ing monomers, preferably mesogenic monomers, having side- 
chains into a polymeric backbone lacking directly coupled 
ring structures, wherein each side-chain of at least some 
3 0 of the side -chains comprises at least two unsubstituted 
and/or substituted phenyls coupled via a coupling se- 
lected from the group consisting of a carbon-carbon sin- 
gle bond (-) , a carbon-carbon double bond containing unit 
(-CH=CH-) , a carbon-carbon triple bond containing unit 
35 (-CsC-) , a methylene eter unit (-CH 2 0-) , an ethylene eter 
unit (-CH 2 CH 2 0-) , an ester unit (-C00-) and an azo unit 
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(-N=N- ) , and exhibits a permanent and/or induced dipole 
moment that in ordered phase provides dielectric anisot- 
ropy. The polymer prepared according to this method is 
preferably a polyvinyl acetal. The polymerisation may be 
performed either before or after application on a sub- 
strate surface. 

In all examples below, the solvents were dried be- 
fore use thereof by passing the solvents through a short 
chromatography column containing ICN Alumina N super 1 
from ICN Biomedicals GmbH Germany. 

The maximum degree of f unctionalisation in the exam- 
ples below is, due to statistical reasons 86 %. Hence, a 
minimum of 14 % of the initial hydroxyl groups remain af- 
ter completion of the reaction. 

In all the examples below, standard reactions well- 
known to a person skilled in the art were used for the 
preparation of the polymers. 

Example 1: Functiona.lisa.tion of PVA with 4' - (11, 11- 
diethoxy-undecyloxy) -biphenyl -4 -carJboni trile ( side-chain 
precursor I) and octanal 

In a 100 ml flask, 0.70 g of side-chain precursor I 
(see D Lacey et al, Macromolecular Chemistry and Physics 
200, 1222-1231 (1999)), 0.081 g of octanal, 0.198 g of 
PVA (number average molecular weight, M w , about 15 000) , 
and 0.10 g of TsOH were dissolved in 20 ml of dry DMF and 
stirred at about 55°C for 24 hours. 

The reaction mixture was then poured into 150 ml of 
methanol and a polymer was precipitated. The precipitate 
was collected and dissolved in 5 ml of chloroform and re- 
precipitated in 100 ml of methanol. The re-precipitation 
was repeated twice. 

The yield was 0.29 g of polymer (i.e. 40% calculated 
on the amount of added polyvinyl alcohol) . Losses were 
due to the presence of low molar mass polymer that was 
removed in the workup procedure (i.e. the precipitation 
procedure) . 



42 

^-H-NMR spectrum of the obtained polymer was in ac- 
cordance with structure A of Scheme III. The side-chain 
molar ratio 1/octanal in the polymer as determined using 
NMR was found to be 2/1 (= o/n in structure A) . Further- 
5 more, (o+n) /p was found to be about 42/16. (Polymer A is 
also given by Formula XVI.) 

The side- chain formed from side-chain precursor I is 
attached to the polymeric backbone via spacing atoms in 
the form of - (CH 2 ) io~ - 



CN 




octanal 

A 



10 Scheme III 

Example 2 : Functionalisation of PVA with 4' - (11, 11- 
diethoxy-undecyloxy) ~biphenyl-4-carboxylic acid ethyl es- 
ter (side-chain precursor II) and octanal 
15 Side-chain precursor II was prepared according to 

Scheme IV. 

In a 250 ml flask, 5.0 g of 4 ' -hydroxy- 4 -biphenyl- 
carboxylic acid was dissolved in 100 ml of absolute etha- 
nol and cooled in an ice bath. 2.5 ml of thionyl chloride 
20 was added in small portions. The reaction mixture was 

then refluxed for 4 h and allowed to attain room tempera- 
ture. The formed precipitate was collected on a filter, 
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washed with two 25 ml portions of ethanol and recrystal- 
lised from toluene. The yield was 4.8 g of 4 ' -hydroxy-4- 
biphenylcarboxylic acid ethyl ester. 

In a 250 ml round bottomed flask, 12.5 g of 11- 
bromoundecanol was dissolved in 50 ml of di chl or ome thane . 
A slurry of 16.2 g pyridiniumchlorochromate (PCC) in 100 
ml of dichloromethane was added. The mixture was stirred 
at room temperature for 2 hours and then poured into 30 0 
ml of diethylether . A brown solid was filtered off and 
the liquid phase was passed through a short column of 
silica gel using diethylether as eluent . The organic sol- 
vent was evaporated under reduced pressure and the resi- 
due was dissolved in absolute ethanol (EtOH) and anhy- 
drous calcium chloride was added together with a small 
amount of p-toluene sulphonic acid (not shown in Scheme 
IV). This reaction mixture was left at room temperature 
over night . The solvent was removed under vacuum and the 
residue was taken up in diethyl ether and washed with 
saturated sodium bicarbonate solution. The organic layer 
was dried over magnesium sulphate, filtered, and evapo- 
rated until no more solvent came off. The residue was 
dissolved in 15 ml of ethyl acetate/ petroleum ether 1:4 
mixture (v/v) and purified using column chromatography 
with said solvent mixture as eluent. 9.5 g of 11- 
bromoundecanal diethyl acetal was isolated. The Hl-NMR 
spectrum of the compound was found to be in accordance 
with the structure in Scheme IV. 

A 100 ml round bottomed flask was charged with 2.7 g 
11-bromoundecanal diethyl acetal, 2.42 g of 4' -hydroxy-4- 
biphenylcarboxylic acid ethyl ester, 50 ml of acetone, 2 
g of anhydrous potassium carbonate and 0.2 g of potassium 
iodide (not shown in Scheme IV) . The mixture was ref luxed 
for 72 hours. 

Approximately 40% of the solution part of the reac- 
tion mixture was removed and evaporated till dryness, 
dissolved in 15 ml of ethyl acetate/petroleum ether 1:4 
and purified using column chromatography on silica gel 
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using this solvent mixture as eluent . 0.9 g of 4' -(11, 11- 
diethoxy-undecyloxy) -biphenyl-4-carboxylic acid ethyl es- 
ter (i.e. precursor II) was isolated. X H-NMR spectra were 
in accordance with structure II of Scheme IV. 




Scheme 



In a 100 ml flask, 0.80 g of side-chain precursor 
II, 0.186 g of octanal, 0,097 g of PVA (M w about 15 000), 
10 and 0.1 g of TsOH were dissolved in 25 ml of dry DMF and 
stirred at about 60°C for 24 hours. 

The reaction mixture was then poured into 250 ml of 
methanol and a polymer was precipitated. The precipitate 
was collected and dissolved in 5 ml of chloroform and re- 
15 precipitated in 100 ml of methanol. The re-precipitation 
was repeated twice . 

The yield was 0.44 g of polymer. Losses were due to 
the presence of low molar mass polymer that was removed 
in the workup procedure. 
20 Hl-NMR spectrum of the obtained polymer was in ac- 

cordance with structure B of Scheme V. The side-chain mo- 
lar ratio II/octanal in the polymer as determined using 
NMR was found to be 7/3 (= o/n in structure B) . (Polymer 
B is also given in Formula XV.) 
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The side-chain formed from side-chain precursor II' 
is attached to the polymeric backbone via spacing atoms 
in the form of -(CH 2 )i 0 -. 



o^o 




B 



Scheme V 

Example 3 : Functional! sation of PVA with 4' - (11, 11- 
di e thoxy- undecyloxy) -biphenyl - 4 - carboxyl ic acid 4- 
ethoxycarbonyl -phenyl ester (side-chain precursor III) 
and octanal 

In a 50 ml flask, 0 . 2 g of side-chain precursor III, 
0.029 g of octanal, 0.05 g of PVA (M w about 15 000), and 
TsOH were dissolved in 10 ml of dry DMF and stirred at 
about 55°C for 24 hours. 

The reaction mixture was then poured into 150 ml of 
methanol and a polymer was precipitated. The precipitate 
was collected and dissolved in 5 ml of chloroform and re- 
precipitated in 100 ml methanol. The re-precipitation was 
repeated twice. 

The yield was 0.11 g of polymer. Losses were due to 
the presence of low molar mass polymer that was removed 
in the workup procedure. 
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Hl-NMR spectrum of the obtained polymer was in ac- 
cordance with structure C of Scheme VI. The side-chain 
molar ratio Ill/octanal in the polymer as determined us- 
ing NMR was found to be 1.1/1 (= o/n in structure C) . 
5 The side -chain formed from side -chain precursor III 

is attached to the polymeric backbone via spacing atoms 
in the form of -(CH 2 )io-. 



< 




C 

Scheme VI 



Example 4: Functionalisation of PVA with 4' - (11,11- 
diethoxy-undecyloxy) -biphenyl-4-carboxylic acid 4-methoxy 
phenyl ester (side-chain precursor IV) and octanal 

Side -chain precursor IV was prepared according to 
Scheme IV and Scheme VII. 

To the remaining 60 % of the solution part of the 
reaction mixture described in Example 2, 4 0 ml of etha- 
nol, 2 g of potassium hydroxide and 5 ml of water was 
added and this mixture was refluxed for 48 hours. The 



10 



15 



47 

mixture was acidified with hydrochloric acid, poured into 
water and extracted 5 times with diethyl ether. 2 0 ml of 
the organic phase was dried over magnesium sulphate. The 
solvent was removed under vacuum and the product was re- 
crystallised from toluene. The yield was 1.8 g of 4' - 
(11, 11-diethoxy-undecyloxy) -biphenyl-4-carboxylic acid. 

In a 50 ml flask 0.54 g of 4 ' - (11 , 11-diethoxy- 
undecyloxy) -biphenyl -4 -carboxylic acid, 20 ml of dry di-. 
chloromethane (not shown in Scheme VII), 0.05 g of 4- 
(N,N-dimethylamino) -pyridine (not shown in Scheme VII), 
and 0.24 g of 4-methoxyphenol were mixed. The mixture was 
cooled on an ice-water bath and 0.31 g of 1,3- 
dicyclohexylcarbodiimide (not shown in Scheme VII) was 
added. The reaction mixture was allowed to attain room 
temperature and stirring was continued for 24 hours. The 
reaction mixture was then filtered and the solvent was 
removed under vacuum. The product was purified using col- 
umn chromatography with toluene/ethyl acetate as eluent 
run in a gradient manner. The yield was 0.46 g of 4'- 
(11, 11-diethoxy-undecyloxy) -biphenyl-4-carboxylic acid 4- 
methoxy-phenyl ester (i.e. precursor IV). ^-H-NMR spectra 
were in accordance with structure IV of Scheme VII . 




Scheme VII 



In a 100 ml flask, 0.58 g of side-chain precursor 
IV, 0.093 g of octanal, 0,049 g of PVA (M w about 15 000) 
and 0.1 g of TsOH were dissolved in 25 ml of dry THF and 
stirred at about 60 °C for 24 hours. 



fliT/SE 200^/ 0 0 03 00 



48 

The reaction mixture was then poured into 250 ml of 
methanol and a polymer was precipitated. The precipitate 
was collected and dissolved in 5 ml of chloroform and re- 
precipitated in 100 ml of methanol. The re-precipitation 
was repeated twice . 

The yield was 0.2 6 g of polymer. Losses were due to 
the presence of low molar mass polymer that was removed 
in the workup procedure . 

X H-NMR spectrum of the obtained polymer was in ac- 
cordance with structure D of Scheme VIII. The side-chain • 
molar ratio IV/octanal in the polymer as determined using 
NMR was found to be 2.2/1 (= o/n in structure D) . (Poly- 
mer D is also given in Formula XVII.) 

The side-chain formed from side- chain precursor IV 
is attached to the polymeric backbone via spacing atoms 
in the form of - ( CH 2 ) io - - 




D 

Scheme VIII 
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Example 5: Functionalisation of PVA with 4' - (11, 11- 
diethoxy-undecyloxy) -biphenyl-4-ca.rboxylic acid 4- (1- 
bulzoxy-carbonyl-ethoxy) -phenyl ester (side-chain precur- 
sor V) and octanal 

In a 100 ml flask, 0,61 g of side-chain precursor V, 
0.26 g of octanal, 0,26 g of PVA (M w about 15 000) , and 
0.02 g of TsOH were dissolved in 25 ml of dry DMF and 
stirred at about 60°C for 24 hours. 

The reaction mixture was then poured into 250 ml of 
methanol and a polymer was precipitated. The precipitate 
was collected and dissolved in 7 ml of THF and re- 
precipitated in 75 ml of methanol. The re-precipitation 
was repeated twice . 

The yield was 0.40 g of polymer. Losses were due to 
the presence of low molar mass polymer that was removed 
in the workup procedure. 

X H-NMR spectrum of the obtained polymer was in ac- 
cordance with structure E of Scheme IX. The side-chain 
molar ratio V/octanal in the polymer as determined using 
NMR was found to be 1/2 (= o/n in structure E) . 

The side-chain formed from side-chain precursor V is 
attached to the polymeric backbone via spacing atoms in 
the form of -(CH 2 )io-. 
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Scheme IX 



Example 6: Functionalisation of PVA with 4' - (11,11- 
diethoxy-undecyloxy) -biphenyl-4-carboxylic acid cyclo- 
5 hexyl ester (side -chain precursor VI) and octanal 

In a 50 ml flask, 0.36 g of side-chain precursor VI , 
0.06 g of octanal, 0.10 g of PVA (M w about 15 000) and 
0.1 g TsOH were dissolved in 10 ml of dry DMF and stirred 
at about 55 °C for 24 hours. 
10 The reaction mixture was then poured into 150 ml of 

methanol and a polymer was precipitated. The precipitate 
was collected and dissolved in 5 ml of chloroform and re- 
precipitated in 100 ml of methanol. The re-precipitation 
was repeated twice. 
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The yield was 0.24 g of polymer. Losses were due to 
the presence of low molar mass polymer that was removed 
in the workup procedure.. 

X H-NMR spectrum of the obtained polymer was in ac- 
5 cordance with structure F of Scheme X. The . side-chain mo- 
lar ratio Vl/octanal in the polymer as determined using 
NMR was found to be 1.6/1 (= o/n in structure F) . 

The side-chain formed from side-chain precursor VI 
is attached to the polymeric backbone via spacing atoms 
10 in the form of -(CH 2 )io-. 




F 

Scheme X 



Example 7 : Functionalisation of PVA with 4' - (11, 11- 
diethoxy-undecyloxy) -4 ' -undec-10 -enyloxy-biphenyl (side- 
15 chain precursor VII) and octanal 

In a 50 ml flask, 0.40 g of side-chain precursor 
VII, 0.055 g of octanal, 0.10 g of PVA (M w about 15 000) 
and 0.1 g TsOH were dissolved in 10 ml of dry DMF and 
stirred at about 55°C for 24 hours. 
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15 



The reaction mixture was then poured into 150 ml of 
methanol and a polymer was precipitated. The precipitate 
was collected and dissolved in 5 ml of chloroform and re- 
precipitated in 100 ml of methanol. The re-precipitation 
was repeated twice . 

The yield was 0.19 g of polymer. Losses were due to 
the presence of low molar mass polymer that was removed 
in the workup procedure. . 

Hl-NMR spectrum of the obtained polymer was in ac- 
cordance with structure G of Scheme XI. The side-chain 
molar ratio Vll/octanal in the polymer as determined us- 
ing NMR was found to be 1.8/1 (= o/n in structure G) . 

The side-chain formed from side-chain precursor VII 
is attached to the polymeric backbone via spacing -atoms 
in the form of -(CH 2 )io-- 



2'9 




OH 



PVA 



I + TsOH 



H 




octanal 
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Scheme XI 
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Example 8 : Functionalisation of PVA with 4' - (11,11- 
diethoxy-undecyloxy) -biphenyl-4-carboxylic acid 4- 
ethoxycarbonyl -phenyl ester (side-chain precursor III), 
4'- (11, 11 -diethoxy-undecyloxy) -4 ' -undec-10-enyloxy- 
biphenyl (side-chain precursor VII) and octanal 

In a 100 ml flask, 0.11 g of side-chain precursor 
III, 0.07 g of side-chain precursor VII, 0.018 g of oc- 
tanal, 0.037 g of PVA (M w about 15 000), and 0.03 g of 
TsOH, were dissolved in 10 ml of dry DMF and stirred at 
about 55°C for 48 hours. 

The reaction mixture was then poured into 150 ml of 
methanol and a polymer was precipitated. The precipitate 
was collected and dissolved in 5 ml of chloroform and re- 
precipitated in 100 ml of methanol. The re-precipitation 
was repeated twice. 

The yield was 0.09 g of polymer. Losses were due to 
the presence of low molar mass polymer that was removed 
in the workup procedure . 

^"H-NMR spectrum of the obtained polymer was in ac- 
cordance with structure H of Scheme XII . 

The side -chain formed from side -chain precursor III 
is attached to the polymeric backbone via spacing atoms 
in the form of -(CH 2 )i 0 - and the side-chain formed from 
side-chain precursor VII is attached to the polymeric 
backbone via spacing atoms in the form of -(CH 2 )io-- 
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Scheme XII 

Example 9: Functionalisation of PVA with [4- (11,11- 
5 diethoxy-undecyloxy) -phenyl - (4 -ethoxy -phenyl) -diazene 
(side-chain precursor VIII) and octanal 

In a 100 ml flask, 0.82 g of side-chain precursor 
VIII, 0.13 g of octanal, 0.24 g of PVA (M w about 15 000), 
and 0.1 g of TsOH were dissolved in 25 ml of dry DMF and 
10 stirred at about 60 °C for 24 hours. 

The reaction mixture was then poured into 250 ml of 
methanol and a polymer was precipitated. The precipitate 
was collected and dissolved in 5 ml of chloroform and re 
precipitated in 100 ml of methanol. The re-precipitation 
15 was repeated twice. 
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The yield was 0.48 g of polymer. Losses were due to 
the presence of low molar mass polymer that was removed 
in the workup procedure . 

X H-NMR spectrum of the obtained polymer was in ac- 
5 cordance with structure I of Scheme XIII. The side-chain 
molar ratio Vlll/octanal in the polymer as determined us- 
ing NMR was found to be 1.8/1 (= o/n in structure I) . 

The side-chain formed from side-chain precursor VIII 
is attached to the polymeric backbone via spacing atoms 
10 in the form of -(CH 2 )io-- 




I 

Scheme XIII 



Example 10: Functionalisation of PVA with 2- [4- (11, 11- 
diethoxy-undecyloxy) -3- (4-ethoxy-phenylazo) -phenoxy] - 
15 propionic acid butyl ester (side-chain precursor IX) and 
octanal 

In a 100 ml flask, 1.0 g of side-chain precursor IX, 
0.205 g of octanal, 0 7 25 g of PVA (M w about 15 000), and 
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0.1 g of TsOH were dissolved in 25 ml of dry THF and 
stirred at about 60°C for 24 hours . 

The reaction mixture was then poured into 250 ml of 
methanol and a polymer was precipitated. The precipitate 
was collected and dissolved in 5 ml of chloroform and re- 
precipitated in 100 ml of methanol. The re-precipitation 
was repeated twice - 

The yield was 0.56 g of polymer. Losses were due to 
the presence of low molar mass polymer that was removed 
in the workup procedure. 

X H-NMR spectrum of the obtained ■ polymer was in ac- 
cordance with structure J of Scheme XIV. The side -chain 
molar ratio IX/octanal in the polymer as deteq^mined using 
NMR was found to be l/l (- o/n in structure J) . Further- 
more, (o+n)/p was found to be about 43/18. (Polymer J is 
also given by Formula XXXIV.) 

The side- chain formed from side-chain precursor IX 
is attached to the polymeric backbone via spacing atoms 
in the form of -(CH 2 )io-. 




J 



Scheme XIV 
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Example 11: Functionalisation of PVA with 2- (11,11- 
diethoxy-undecyloxy) -4 -methyl -benzoic acid 4'-butoxy- 
biphenyl-4-yl ester (side-chain precursor X) and octanal 
In a 100 ml flask, 0.53 g of side-chain precursor X, 
5 0.065 g of octanal, 0 . 12 g of PVA (M„ about 15 000), and 
0.1 g of TsOH were dissolved in 25 ml of dry DMF and 
stirred at about 60°C for 24 hours. 

The reaction mixture was then poured into 250 ml of 
methanol and a polymer was precipitated. The precipitate 
10 was collected and dissolved in 5 ml of chloroform and re- 
precipitated in 100 ml of methanol. The re-precipitation 
was repeated twice. 

The yield was 0.22 g of polymer. Losses were due to 
the presence of low molar mass polymer that was removed 
15 in the workup procedure. 

^-NMR spectrum of the obtained polymer was in ac- 
cordance with structure K of Scheme XV. The side -chain 
molar ratio X/octanal in the polymer as determined using 
NMR was found to be 1.7/1 (- o/n in structure K) . 
2 0 The side-chain formed from side-chain precursor X is 

attached to the polymeric backbone via spacing atoms in 
the form of -(CH 2 )io- 




K 

Scheme XV 
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Example 12: Functional! sat ion of PVA with 4- (11,11- 
diethoxy-undecyloxy) -2,3,5, 6 , 2 ' , 3 ' , 5 ' , 6 ' -octafluoro-4 ' - 
hexyloxy-biphenyl (side-chain precursor XI) and octanal 

Polymer L is prepared, in accordance with the previ- 
5 ous examples, by mixing and stirring (for instance, at 
about 60 °C for 24 hours) appropriate amounts of side- 
chain precursor XI, octanal, PVA, TsOH, and dry DMF in a 
flask. 

The reaction mixture is then poured into an appro - 
10 priate amount of an organic solvent, such as methanol, to 
precipitate the polymer which is in accordance with 
structure L of Scheme XVI . 




L 



Scheme ' XVI 
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Example 13 : Functionalisation of PVA with 2-fll,ll- 
diethoxy-undecyloxy) -4 -methyl -benzoic acid 4 / -Jbutoxy- 
2,3,5, ff/2',3',5', 6'-octafluoro-biphenyl-4-yl ester (side- 
chain precursor XII) and octanal 

Polymer M is prepared, in accordance with the previ- 
ous examples, by mixing and stirring (for instance, at 
about 60 °C for 24 hours) appropriate amounts of side- 
chain precursor XII, octanal, PVA, TsOH, and dry DMF in a 
flask. 

The reaction mixture is then poured into an appro- 
priate amount of an organic solvent , such as methanol , 
to precipitate the polymer which is in accordance with 
structure M of Scheme XVII. 




M 

Scheme XVII 

Example 14 : Functionalisation of PVA with 4' - (11, 11- 
diethoxy-undecyloxy) -biphenyl-4-carboxylic acid ethyl es- 
ter (side -chain precursor II) 

Polymer N is prepared, in accordance with the previ- 
ous examples, by mixing and stirring (for instance, at 
about 60 °C for 24 hours) appropriate amounts of side- 
chain precursor II/ PVA, TsOH, and dry DMF in a flask. 



The reaction mixture is then poured into an appro- 
priate amount of an organic solvent, such as methanol, 
to precipitate the polymer which is in accordance with 
structure N of Scheme XVIII. 




Example 15 : Functionalisation of PVA with 4' - (11, 11- 
diethoxy-undecyloxy) -biphenyl-4-carboxylic acid 4-methoxy 
phenyl ester (side-chain precursor IV) 

10 Polymer 0 is prepared, in accordance with the previ- 

ous examples, by mixing and stirring (for instance, at 
about 60°C for 24 hours) appropriate amounts of side- 
chain precursor IV, PVA, TsOH, and dry DMF in a flask . 
The reaction mixture is then poured into an appro - 

15 priate amount of an organic solvent, such as methanol, 
to precipitate the polymer which is in accordance with 
structure O of Scheme XIX. 
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Scheme XIX 

Example 16: Functional i sat ion of PVA with 1, 21-bis- (4' - 
carbe thoxy- 4 -biphenyl oxy) -10 -die thoxymethyl -heni cos -10- 
5 ene (side-chain precursor XIII) 

Polymer P is prepared, in accordance with the previ- 
ous examples, by mixing and stirring (for instance, at 
about 60°C for 24 hours) appropriate amounts of side- 
chain precursor XIII, PVA, TsOH, and dry DMF in a flask. 
10 The reaction mixture is then poured into an appro- 

priate amount of an organic solvent, such as methanol, 
to precipitate the polymer which is in accordance with 
structure P of Scheme XX. 
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P 



Scheme XX 

Example 16: Functional isation of PVA with 1,21-bis- {4' - 
carbe thoxy- 4 -biphenyl oxy) -10 -die thoxyme thyl -heni cos -10- 
5 ene (side-chain precursor XIII) and octanal 

Polymer Q is prepared, in accordance with the previ- 
ous examples, by mixing and stirring (for instance, at 
about 60°C for 24 hours) appropriate amounts of side- 
chain precursor XIII, octanal, PVA, TsOH, and dry DMF in 
10 a flask. 

The reaction mixture is then poured into an appro- 
priate amount of an organic solvent, such as methanol, 
to precipitate the polymer which is in accordance with 
structure Q of Scheme XXI . 



15 
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Scheme XXI 



b) Examples of methods for manufacturing a liquid crystal 
device according to the invention 

5 A liquid crystal device may be prepared by a method 

comprising the steps of providing a surface-director 
alignment layer comprising a polymer according to the in- 
vention on a surface of at least one substrate, and then 
sandwiching a liquid crystal layer between two sub- 
10 strates, at least one of which is provided with said 

polymer, arranged so that said surf ace -director alignment 
layer (s) is (are) facing the liquid crystal layer. 

The surface-director alignment layer is preferably 
provided by applying a solution comprising said polymer 
15 on said surface, and then removing said solvent from the 
surface- Thus, there is no need to cure a pre-polymer to 
form a layer of the polymer layer on the substrate sur- 
face. 
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A liquid crystal display glass substrates having a 
thickness of 1.10 mm was used. One side of the substrate 
was provided with an indium tin oxide (ITO) layer (elec- 
trode material) having a surface resistance of 80 Q/cm 2 , 
Addressing electrode structures were provided using a 
conventional photolithography process known to persons 
skilled in the art. The glass substrate was cut into 
pieces with a size of 9.5 x 12.5 mm and the edges were 
ground. Also glass substrates of the size 25.4 x 25.4 mm 
have been used. 

The substrates were then washed several times in 
distilled water in an ultra-sonic bath, dried and then 
washed two times in isopropanol. The substrates were 
thereafter moved into a clean- room. 

The ITO side of the substrates was spin coated with 
a surface-director alignment material dissolved in tetra- 
hydrofuran (THF) to a concentration of about 0.1% (w/w) 
(concentrations up to 0.5% w/w have been tested). The 
speed was about 3000-4000 rpm and coating was performed 
for 3 0 seconds. 

After coating, the substrates were heated for ap- 
proximately 5-10 minutes at a temperature of 125 °C to re- 
move the solvent (THF) and form an alignment layer. Dry- 
ing can be performed in an oven or on a hot plate and/or 
under vacuum. The substrates were thereafter set to cool 
down. 

It shall be noted that also two-step processes com- 
prising heating for about 5-10 minutes at 60°C followed 
by heating for about 10-3 0 minutes at 13 0° have been 
tested with acceptable results. However, it may be noted 
that temperatures over room temperature are in principle 
not necessary for the drying step. 

The applied surface-director alignment layer, on top 
of the ITO, was then buffed with a nylon cloth using a 
drum diameter of 12 0 mm, a drum speed of 300 rpm, a lin- 
ear speed of 15 mm/sec, and a pile contact length of 
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about 0.5 mm. All substrates were buffed in the same di- 
rection. 

Two substrates, one substrate being rotated 180° to 
make the buffing direction antiparallel in the cell, were 
thereafter put together to a cell using a UV-glue (Nor- 
land NOA68) and spacers in a string at two of the edges. 
An alternative is to spray spacers from an ethanol dis- 
persion onto the cell surface. The cell was put under 
pressure in an UV-exposure box for 15 minutes. 

Small electric cords were ultra-sonically soldered ■ 
to each ITO-surface of the cell. 

A nematic liquid crystal, in isotropic phase, was 
then introduced into the cell by means of capillary 
forces (this can be done with or without vacuum applied) . 

It shall be noted that the device described above is 
of a relatively simple type. Devices can be of much lar- 
ger size and can be addressed in different ways, such as 
by using a passive matrix-addressed type or an active ma- 
trix-addressed type. In these cases, steps involving com- 
plex microelectronics productions steps are involved. 

Example 17 : Out-of-plane switching liquid crystal device 
having an electrically stabilised vertically aligned sur- 
face-director alignment layer 

The ITO side of the substrates was coated, as de- 
scribed above, with polymer A prepared in Example 1. It 
shall be noted, however, that any one of the structures 
according to Formulas I to XXII may be used in this em- 
bodiment . 

The polymer layer (about 100 nm) was rubbed unidi- 
rectionally very lightly to induce a small pre-tilt of 
the mesogenic side -groups of the polymer, and the cell 
was thereafter assembled. 

The sandwich cell (cell gap about 3 jam) was then 
filled with the nematic mixture MBBA/MLC 6608 (Merck, Ger- 
many) , 40/60 wt%, MBBA exhibiting Ae = -0.8 and MLC 6608 
exhibiting As = -4.2.- 
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In this cell, the polymer layer acts as a surface- 
director alignment layer. 

The alignment of the cell after cooling to room tem- 
perature was inspected by means of a polarising micro- 
scope and it was found to be uniform vertical. 

The response rise and decay times were measured in a 
set-up comprising a polarising microscope, a photo- 
detector,, an oscilloscope and a pul se- generator . 

The electro-optic response of the cell with vertical 
alignment, under application of unipolar impulses with 
low frequency (about 1 Hz), is depicted in Fig 1. At a 
voltage (U) of 9.2 V, the measured rise and decay time 
were about 1.9 and 3.8 ms, respectively. Thus, the meas- 
ured decay time is about 5 times shorter than the decay 
time usually measured in out-of -plane switching liquid 
crystal cells with an initial vertical alignment. 

Example 18 : Out -of -plane switching liquid crystal device 
having an electrically stabilised vertically aligned sur- 
face-director alignment layer 

Example 17 was repeated except that the sandwich 
cell was filled with the nematic mixture MBBA/MLC68 84 
(Merck, Germany), 40/60 wt%, MLC 6884 exhibiting As = 
-5.0 and MBBA exhibiting As = -0.8. 

At a voltage (U) of 6.1 V, the measured rise and de- 
cay time were about 2.5 and 1.8 ms, respectively, as 
shown in Fig 2 . 

Example 19: Out-of -plane switching liquid crystal device 
having an electrically stabilised vertically aligned sur- 
face-director alignment layer 

Example 17 was repeated except that the ITO side of 
the substrates was coated, as described above, with poly- 
mer H prepared in Example 8. The polymer layer was, how- 
ever, not rubbed. Furthermore, the sandwich cell was 
filled with the nematic material MLC6884 (Merck, Germany) 
exhibiting Ae = -5.O.' 
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At a voltage (U) of 5.2 V, the measured rise and de- 
cay time were about 2.7 and 2.7 ms, respectively, as 
shown in Fig 3 . 

Example 20: Out-of -plane switching liquid crystal device 
having an electrically stabilised planar aligned surface- 
director alignment layer 

The ITO side of the substrates was coated, as de- 
scribed above, with polymer J prepared in Example 10. It 
shall be noted, however, that any one of the structures 
according to Formulas XXIII. to XXXIV may be used in this, 
embodiment . 

The polymer layer (about 10 0 nm) was rubbed unidi- 
rectionally to ensure uniform planar alignment of the 
mesogenic side-groups of the polymer, and the cell was 
thereafter assembled. 

The sandwich cell (cell gap about 3 \xm) was then 
filled with the nematic material E7 (BDH/Merck) exhibit- 
ing As > 0 . 

In this cell, the polymer layer acts as a surface- 
director alignment layer. 

The alignment of the cell after cooling to the room 
temperature was inspected by means of a polarising micro- 
scope and it was found to be uniform planar. 

The rise and decay times were measured in a set-up 
comprising a polarising microscope, a photo-detector, an 
oscilloscope and a pulse -generator . 

The electro-optic response of the cell with planar 
alignment, under application of unipolar impulses with 
low frequency (about 1 Hz), was found to be about 0.5 ms 
and 4 ms for rise and decay times, respectively, 

Example 21: Out -of -plane switching liquid crystal device 
having an electrically stabilised planar aligned surface - 
director alignment layer 
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Example 2 0 was repeated except that the sandwich 
cell was filled with the nematic material E7 0 A 
(BDH/Merck) exhibiting Ae = +10.8. 

At a voltage (U) of 5.6 V, the measured rise and de- 
cay time were about 1.1 and 1.6 ms, respectively, as 
shown in Fig 4 . 

While the invention has been described in detail and 
with reference to specific embodiments thereof, it will 
be apparent for one skilled in the art that various 
changes and modifications can be made therein without de- 
parting from the spirit and scope thereof. 



69 
CLAIMS 



1. A polymer for use as a surface-director alignment 
layer in a liquid crystal device, said polymer comprising 
a polymeric backbone and side -chains attached thereto, 



characterised in that 

the polymeric backbone lacks directly coupled ring 
structures, and 

each side -chain of at least some of the side- chains 

(i) comprises at least two unsubstituted and/or sub- 
stituted phenyls coupled via a coupling selected from the 
group consisting of a carbon-carbon single bond (-) , 

a carbon- carbon double bond containing unit (-CH=CH-) , 
a carbon-carbon triple bond containing unit (-C=C-) , 
a methylene eter unit (-CH 2 0-) , ah ethylene eter unit 

(-CH2CH2O-), an ester unit (-COO-) and an azo unit 

(-N=N-) , 

(ii) exhibits a permanent and/or induced dipole mo- 
ment that in ordered phase provides dielectric anisot- 
ropy, and 

(iii) is attached to the polymeric backbone via at 
least two spacing atoms. 

2. A polymer according to claim 1, wherein said 
side-chain is attached to the polymeric backbone via at 
least five spacing atoms. 

3. A polymer according to claim 1 or claim 2, 
wherein the polymeric backbone comprises 

a first type of randomly distributed units according 

to 




O 



O 




wherein Si represents a first side-chain comprising at 
least two unsubstituted and/or substituted phenyls cou- 
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pled via a coupling selected from the group consisting of 
a carbon-carbon single bond (-) , a carbon-carbon double 
bond containing unit (-CH=CH-) , a carbon-carbon triple 
bond containing unit (-C=C-) , a methylene eter unit 
(-CH2O-) , an ethylene eter unit (-CH 2 CH 2 0-) , an ester unit 
(-COO-) and an azo unit (-N=N-) and exhibiting a perma- 
nent and/or induced dipole moment that in ordered phase 
provides dielectric anisotropy, and at least two spacing 
atoms through which the first side-chain is attached to 
the polymeric backbone, and 

a second type of randomly distributed units accord- 
ing to 

OH 



4 . A polymer according to claim 3 , wherein the poly- 
meric backbone comprises a third type of randomly dis- 
tributed units according to 

o o 

wherein S 2 represents a second side-chain, being differ- 
ent from Si, comprising at least two unsubstituted and/ or 
substituted phenyls coupled via a coupling selected from 
the group consisting of a carbon-carbon single bond (-) , 
a carbon- carbon double bond containing unit (-CH=CH-) , 
a carbon-carbon triple bond containing unit (-C=C-) , 
a methylene eter unit (-CH 2 0-) , an ethylene eter unit 
(-CH 2 CH 2 0-), an ester unit (-COO-) and an azo unit 
(-N=N-) and exhibiting a permanent and/or induced dipole 
moment that in ordered phase provides dielectric anisot- 
ropy, and at least two spacing atoms through which the 
second side-chain is attached to the polymeric backbone. 
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5 . A polymer according to claim 3 or claim 4 , 
wherein the polymeric backbone comprises a further type 
of randomly distributed units according to 



Si and S 2 , exhibiting no permanent and/or induced dipole 
moment and thus providing no dielectric anisotropy. 

6. A method for preparation of a polymer according 
to any one of claims 1-5 characterized in 
comprising reacting a side-chain precursor with a poly- 
meric backbone lacking directly coupled ring structures , 
wherein said side-chain precursor comprises at least two 
unsubstituted and/or substituted phenyls coupled via a 
coupling selected from the group consisting of a carbon- 
carbon single bond (-) , a carbon-carbon double bond con- 
taining unit (-CH=CH-), a carbon-carbon triple bond con- 
taining unit (-CsC-) , a methylene eter unit (-CH 2 0-) , an 
ethylene eter unit (-CH 2 CH 2 0-) , an ester unit (-COO-) and 
an azo unit (-N=N-) , and exhibits a permanent and/or in- 
duced dipole moment that in ordered phase provides di- 
electric anisotropy. 

7. A method according to claim 6, wherein the poly- 
meric backbone is a polyvinyl alcohol. 

8 . A method for preparation of a polymer according 
to any one of claims 1-5 characterized in 
comprising polymerising monomers having side -chains into 
a polymeric backbone lacking directly coupled ring struc- 
tures, wherein each side-chain of at least some of the 




wherein S 3 represents a side-chain, being different from 
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side-chains comprises at least two unsubstituted and/or 
substituted phenyls coupled via a coupling selected from 
the group consisting of a carbon-carbon single bond (-) , 
a carbon-carbon double bond containing unit (-CH=CH~) , 
a carbon-carbon triple bond containing unit (-C=C-) , 
a methylene eter unit (-CH 2 0~) , an ethylene eter unit 
(-CH 2 CH 2 0-), an ester unit (-COO-) and an azo unit 
(-N=N-) , and exhibits a permanent and/or induced dipole 
moment that in ordered phase provides dielectric anisot- 
ropy . 

9 - A composition for use as a surface-director 
alignment layer in a liquid crystal device c h a r a c - 
terized in comprising at least one polymer accord- 
ing to any one of claims 1-5 and a second polymer. 

10. A composition according to claim 9, wherein the 
second polymer is a polyvinyl acetal . 

11. A composition according to claim 9, wherein the 
second polymer is a polymer according to any one of 
claims 1-5. 

12. A surface-director alignment layer for use in a 
liquid crystal device characterized in com- 
prising at least one polymer according to any one of 
claims 1-5. 

13 . Use of a polymer according to any one of claims 
0 1-5 as a surface-director alignment layer in a liquid 

crystal device. 

14. A method for manufacturing a liquid crystal de- 
vice characterized in comprising: 

5 - providing a surface-director alignment layer 

comprising a polymer according to any one of claims 1-5 
on a surface of at least one substrate, and 
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sandwiching a liquid crystal layer between 
two substrates, at least one of which is provided with 
said polymer, arranged so that said surface-director 
alignment layer (s) is (are) facing the liquid crystal 
5 layer. 

15. A method according to claim 14, wherein said 
' surface -director alignment layer is provided by applying 
a solution comprising said polymer and a solvent on said 
10 surface, and then removing said solvent from the surface. 
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Abstract 

The invention relates to a polymer for use as a sur- 
face-director alignment layer in a liquid crystal device, 
said polymer comprising a polymeric backbone and side- 
5 chains attached thereto, wherein the polymeric backbone 
lacks directly coupled ring structures, and each side- 
chain of at least some of the side-chains comprises at 
least two unsubstituted and/or substituted phenyls cou- 
pled via a coupling selected from the group consisting of 
10 a carbon-carbon single bond (-) , a carbon-carbon double 
bond containing unit (-CH=CH-) , a carbon-carbon triple 
bond containing unit (-C=C-) , a methylene eter unit 
(-CH 2 0-), an ethylene eter unit (-CH 2 CH 2 0-) , an ester unit 
(-COO-) and an azo unit (— N=N-) , exhibits a permanent 
15 and/or induced dipole moment that in ordered phase pro- 
vides dielectric anisotropy, and is attached to the poly- 
meric backbone via at least two spacing atoms. 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

/ 

O BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
3 FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE (S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



